This paper describes a methodology for developing combat simulations that may be readily tailored to specific study issues, and structured so as to treat both qualitative and quantitative variables using the natural language of military planners. The methodology was developed for the RAND Strategy Assessment System (RSAS) and exploits a new programming language called RAND-ABELTM. RAND-ABELTM can be understood and used by analysts who are not expert programmers, and allows key relationships to be expressed in a form that is more easily reviewable by nonanalyst military officers.
INTRODUCTION AND OVERVIEW
This new approach to modeling has appeared in different forms and been given several names. As part of the RSAS, it has been called the Secondary Land theater model (S-Land), and later renamed as the CAMPAIGN-ALT (for alternative theater) model. It has also been used within the RAND Analytic Modeling Platform (RAMP), which is an unclassified descendent of the RSAS. For purposes of this paper, we will refer to the class of these models as Referee models, since they act as a gaming referee in combat assessment. The Referee approach to modeling and analysis was developed independently of any of the qualitative process theory work that has appeared in the literature over the last few years. This paper is arranged in the following sequence: First, the 'zieeds and problems faced by the military simulation and B. A. Wilson The RAND Corporation 1700 Main Street Santa Monica, CA 90406 community are presented. Next, the features of the new RAND-ABELTM language are described, along with a few examples of the code. It was decided that a completely new approach to combat modeling was necessary to satisfy both the needs of the military simulation community and to fully exploit the features of the RAND-ABELTM language. Therefore, the third section describes the implementation techniques that have been successfully used in building military simulations in RAND-ABELTM. The fourth section presents new analysis techniques that have been developed to fully utilize the power of both the language and the model design. Some of these new techniques include interactive sandtabling (as opposed to batch runs), new measures of effectiveness for qualitative variables, and aspects of sensitivity analysis, verification and validation.
The fifth section briefly describes several applications that have successfully employed the Referee models. The last section relates some of the observations made by users of the models.
SIMULATION NEED AND APPROACH
The simulation and modeling community has been troubled in its efforts to find the elusive balance between model realism and usability. The usual answer in the area of air and ground combat modeling has been to go to higher and higher resolution at the expense of transparency, flexibility, and overall utility. In addition, the demands placed by these models on extensive quantitative data bases have made the care-and-feeding expenses of most large simulations prohibitive. Even when most of the data is obtainable, many of the qualitative questions, such as the effects of surprise or the value of intelligence, are still not measured by these models. AS the size of the models increase, their ability to respond to short-deadline projects becomes severely impaired.
Most combat simulations require a large quantity of hard data to perform properly. Many people beyond the military modeling community would be shocked by how l i t t l e h a r d d a t a a c t u a l l y e x i s t . Furthermore, much of t h e e x i s t i n g h i s t o r i c a l combat d a t a depend upon q u a l i t a t i v e f a c t o r s , such a s combined arms e f f e c t s , s u r p r i s e , and o p e r a t i o n a l a r t . Most a n a l y s t s i n t h i s community would a g r e e t h a t w a r f a r e i s s t i l l an a r t , and t h a t t h e s i m u l a t i o n of w a r f a r e i s an even more d i f f i c u l t a r t . C o n s u l t a n t s from academia a r e o f t e n s t a r t l e d by t h e f a c t t h a t most of t h e combat p r o c e s s e s s i m u l a t e d a r e n o t o n l y s u b j e c t t o d e b a t e , b u t a r e f r e q u e n t l y modified i n a g i v e n model t o a d d r e s s d i f f e r e n t s t u d y r e q u i r e m e n t s .
A r e s e a r c h i n s t i t u t i o n (such a s RAND) w i l l i n e v i t a b l y f a c e a w i d e range of s t u d y requirements.
An i s s u e one month may be whether o r n o t a g i v e n weapon system can have a d e s i r e d e f f e c t i n a. t h e a t e r of o p e r a t i o n s . Next month, one may want t o s t u d y i n more d e t a i l t h e s u p p o r t a b i l i t y of such a system, a t a s k t h a t . r e q u i r e s a model w i t h a s i g n i f i c a n t l y d i f f e r e n t emphasis.
U n f o r t u n a t e l y , most p l a c e s t e n d t o s u f f e r from t h e " i f I have a hammer, e v e r y t h i n g l o o k s l i k e a n a i l " syndrome. Models a r e o f t e n a p p l i e d because t h e y e x i s t , r e g a r d l e s s of how a p p l i c a b l e t h e y a r e t o t h e problem.
The two most important q u e s t i o n s t o remember a r e :
(1) what s p e c i f i c s t u d y q u e s t i o n s a r e b e i n g asked? and ( 2 ) how much t : t m e i s a v a i l a b l e ?
The answers t o t h e s e two q u e s t i o n s determine t h e t o o l s t h a t Should b e a p p l i e d t o t h e problem.
R a t h e r t h a n t r y i n g t o d e s i g n t h e one model t o s o l v e e v e r y o n e ' s problems, w e chose t o c r e a t e a modeling methodology t h a t c o u l d b e r a p i d l y p r o t o t y p e d and q u i c k l y adapted f o r a wide v a r i e t y of s t u d y i s s u e s . be f l e x i b l e , so t h a t it can be changed by t h e a n a l y s t even w h i l e t h e model i s r u n n i n g . The RAND-ABELTM i n t e r p r e t e r a l l o w s i n t e r a c t i v e o p e r a t i o n s i n which t h e a n a l y s t changes r u l e s and a l g o r i t h m s , n o t j u s t d a t a . T h i s i s i n c o . n t r a s t t o o l d f a s h i o n e d b a t c h o p e r a t i o n s w i t h t h e i r voluminous o u t p u t and t h e b a t c h requirement t o r e s t a r t a t t h e b e g i n n i n g of t h e run.
The i n t e r a c t i v e p r o c e s s ( c a l l e d " s a n d t a b l i n g " i n t h e RSAS) h a s g r e a t l y reduced t h e time n e c e s s a r y t o develop, t e s t and u s e t h e model. For example, one can g a i n i n s i g h t by running an "incomplete" s i m u l a t i o n , and t h e n s e l e c t i v e l y " f l e s h o u t " t h e more promising a r e a of i n t e r e s t a s t i m e and r e s o u r c e s p e r m i t . I n a d d i t i o n , t h e modeling system must T h i s s e l e c t i v e r e s o l u t i o n h a n d l e s t h e q u e s t i o n of " g r a n u l a r i t y " r e f e r r e d t o i n t h e l i t e r a t u r e . One can s t a r t w i t h a low l e v e l o f r e s o l u t i o n ( f o r example, v e r y q u a l i t a t i v e f a c t o r s ) and t h e n s e l e c t i v e l y add r e s o l u t i o n (such a s more q u a n t i t a t i v e f a c t o r s ) as t h e model i s r e f i n e d . S i n c e one i s never r e a l l y f i n i s h e d when improving a model, t h e p r o c e s s of r e f i n e m e n t t y p i c a l l y ends when t h e r e i s no more t i m e a v a i l a b l e t o a d d r e s s t h e s t u d y i s s u e s .
One can c o n t i n u e t o b u i l d o f f t h e most r e f i n e d model f o r t h e n e x t p r o j e c t , o r one may choose t o s t a r t from a s i m p l e r b a s e model f o r e a s e of u s e . R e s t r a i n t i.s emphasized w h i l e s e l e c t i n g which f a c t o r s w i l l be i n c l u d e d i n t h e model t o p r e v e n t t h e model from becoming t o o complex.
Model t r a n s p a r e n c y and u s a b i l i t y i s emphasized over h i g h r e s o l u t i o n "real-ism. " One should be s e l e c t i v e i n what i s included, and b e guided by t h e s t u d y i s s u e s . One should a v o i d t h e d e s i r e t o i n c l u d e e v e r y t h i n g i n t h e model because it i s p a r t of " r e a l i t y . "
One does n o t g e t " t r u t h " from models, only i n s i g h t s .
The q u o t e " A l l models a r e f a l s e ; some models a r e u s e f u l " a p p l i e s a t a l l t i m e s .
Not e v e r y i s s u e b e i n g analyzed need b e modeled e x p l f t c i t l y . O f f l i n e a n a l y s i s s h o u l d b e used e x t e n s i v e l y w i t h t h e model t o account f o r important d e t a i l s n o t worth t h e e f f o r t t o model thoroughly.
For example, actual.Ly s i m u l a t i n g t h e f l i g h t p a t h of e v e r y a . i r c r a f t i s n o t c o s t e f f e c t i v e i f one i s simply t r y i n g t o d e t e r m i n e whether o r n o t a system w i l l have an e f f e c t c a t a l l . T h i s combination o f s i m u l a t i o n and o f f l i n e a n a l y s i s is p a r t i c u l a r l y u s e f u l i n o p t i o n s c r e e n i n g a n a l y s i s .
The R e f e r e e model i s designed t o s t a r t w i t h conciapts t h a t a r e f a m i l i a r t o t h e s p o n s o r s ant3 t h e a n a l y s t s . For example, one s t , a r t s w i t h one o r more c o n c e p t s of o p e r a t i o n s i n a t h e a t e r , and t a i l o r s t h e d e t a i l s of t h e model around t h o s e c o n c e p t s . T e r m s a r e d e f i n e d such a s a i r c o n t r o l , s u r p r i s e , and p h a s e s of b a t t l e . F i n a l l y , d u e t o t h e l a c k of "hard" q u a n t i t a t i v e d a t a i n most a g g r e g a t e m i l i t a r y s i m u l a t i o n s , t h e Referee models have a d i s t i n c t advantage. Q u a n t i t a t i v e d a t a i s used whenever a v a i l a b l e , b u t i n i t s absence, q u a l i t a t i v e human judgement i s u s e d i n s t e a d . . The RAND-mELm language i s emminently s u i t e d f o r t h i s t a s k , a s shown i n t h e n e x t s e c t i o n .
THE RAND-ABELNm LANGUAGE
The RAND-ABELTM language was developed a t RAND a s p a r t of t h e RSAS development program.
RAND i d e n t i f i e d t h e need f o r a language t h a t c o u l d handle f l e x i b l e and t r a n s p a r e n t d e c i s i o n p r o c e s s e s q u i c k l y w i t h o u t r e q u i r i n g a s p e c i a l machine ( l i k e a LISP machine). The RAND-AE3ELTM language "compiles" i n t o t h e "C" language and r u n s on t h e U N I X o p e r a t i n g system.
T h i s makes t h e RAND-
A B E L~ p r o c e s s i n g t i m e r e l a t i v e l y quick--no more t h a n t h r e e t i m e s slower t h a n normal "C" code. I n a d d i t i o n , t h e r e i s a s e l e c t i v e " i n t e r p r e t e r " p r o c e s s t h a t i n t e r p r e t s o n l y t h o s e f i l e s modified by t h e a n a l y s t . Although i n t e r p r e t e d f i l e s t a k e l o n g e r t o run, t h e a b i l i t y t o change t h e model w h i l e it i s running more t h a n o f f s e t s t h e i n c r e a s e d runtime.
Probably t h e s t r o n g e s t f e a t u r e of t h e The f o l l o w i n g sample RAND-ABELTM t a b l e s d e f i n i n g q u a l i t a t i v e f a c t o r s such a s s u r p r i s e and a i r c o n t r o l and t h e q u a n t i t a t i v e f a c t o r of a l o s s r a t e were t a k e n from t h e a i r b o r n e o p e r a t i o n assessment p r o c e s s . Table 1 shows a c t u a l RAND-ABELTM code.
The i n p u t v a r i a b l e s a r e t h e two v a r i a b l e s t o t h e l e f t of t h e s l a s h e s . The o u t p u t v a r i a b l e i s t o t h e r i g h t o f t h e s l a s h e s .
There may be a number of i n p u t and o u t p u t v a r i a b l e s , b u t t h e y a r e u s u a l l y l i m i t e d t o what can be seen on a s c r e e n o r on a normal s h e e t of p a p e r . The t a b l e i s r e a d a s f o l l o w s : I f t h e v a l u e of t h e f i r s t v a r i a b l e ( s t r a t e g i c a i r s u r p r i s e ) h a s t h e v a l u e "High" and t h e v a r i a b l e " a i r c o n t r o l over t a r g e t " h a s t h e v a l u e " A t t a c k e r , " t h e n s e t t h e o u t p u t v a r i a b l e " l o c a l d e g r e e of s u r p r i s e " t o "High. " Otherwise, t h e n examine t h e n e x t row u n t i l one o f t h e rows i s t r u e . Note t h a t t h e r e i s an i m p l i e d "and" s t a t e m e n t between i n p u t columns, and an i m p l i e d " e l s e i f " s t a t e m e n t between rows.
The symbol "--" means t h a t w e do n o t c a r e about t h e v a l u e of t h i s v a r i a b l e when examining t h i s row.
Therefore, i n rows seven t h r o u g h t e n , t h e a i r c o n t r o l over t h e t a r g e t does n o t m a t t e r when d e t e r m i n i n g t h e l o c a l d e g r e e of s u r p r i s e . T h i s i s because t h e o t h e r two v a l u e s f o r t h e v a r i a b l e " a i r c o n t r o l o v e r t a r g e t " a r e "Contested" and " N e i t h e r . " Therefore, o n l y t h e v a r i a b l e " s t r a t e g i c a i r s u r p r i s e " d e t e r m i n e s t h e v a l u e o f t h e o u t p u t v a r i a b l e .
The l a s t row of t h e t a b l e i s t h e d e f a u l t row, which sets t h e v a l u e of t h e o u t p u t v a r i a b l e s i n c a s e t h e e a r l i e r p a r t o f t h e t a b l e d i d n o t form a complete p a r t i t i o n . T h i s l a s t row can a l s o be u s e d t o i n d i c a t e an e r r o r c o n d i t i o n i f so d e s i r e d .
I n Table 1 , it i s assumed t h a t t h e v a l u e s of t h e i n p u t v a r i a b l e s were s e t b e f o r e r e a c h i n g t h i s d e c i s i o n t a b l e . The s t r a t e g i c a i r s u r p r i s e , f o r example, can b e set e i t h e r by f i a t (one may want t o assume s t r a t e g i c a i r s u r p r i s e f o r s t u d y p u r p o s e s ) o r by a s s e s s i n g an e a r l i e r t a b l e t h a t d e f i n e s s t r a t e g i c a i r s u r p r i s e a s a f u n c t i o n o f a i r c r a f t a l e r t and d i s p e r s a l r a t e s .
S i m i l a r l y , l o c a l a i r c o n t r o l i s a f u n c t i o n o f whether o r n o t each s i d e ' s a i r c o n t r o l range e x t e n d s over t h i s s p e c i f i c t a r g e t . The a i r c o n t r o l range f o r each s i d e i s a f u n c t i o n o f t h e most forward
o p e r a t i n g b a s e , t h e s u s t a i n e d o p e r a t i n g range o f f i g h t e r a i r c r a f t , t h e q u a n t i t y of a i r c r a f t f l y i n g , and whether o r n o t f r i e n d l y AWACS a r e p r e s e n t .
Note t h a t one can add a d d i t i o n a l columns as i n p u t o r o u t p u t v a r i a b l e s even w h i l e t h e model i s running by u s i n g t h e
RAND-ABELTM i n t e r p r e t e r . This a l l o w s t h e a n a l y s t t o s e l e c t i v e l y i n c r e a s e t h e r e s o l u t i o n o f t h i s assessment p r o c e s s i n t e r a c t i v e l y .
Tables may be sequenced s o t h a t t h e o u t p u t s o f one t a b l e become t h e i n p u t s t o subsequent t a b l e s .
To c o n t i n u e o u r example, t h e v a l u e o f " l o c a l d e g r e e of s u r p r i s e " i s u s e d a s an i n p u t v a r i a b l e i n Table 2 .
The f i r s t row o f Table 2 i s r e a d a s f o l l o w s :
I f t h e number of d e f e n s i v e c o u n t e r a i r (DCA) s o r t i e s f l y i n g i n t h e t h e a t e r i s l e s s t h a n o r e q u a l t o 50, and t h e r a t i o o f e s c o r t t o DCA s o r t i e s i s a t l e a s t one-to-four, and t h e l o c a l degree of s u r p r i s e is High, t h e n t h e l i f t l o s s r a t e i s o n l y two p e r c e n t of t h e l i f t a i r c r a f t i n t h i s o p e r a t i o n .
The t w e l f t h row shows t h a t i f t h e r e a r e more t h a n 5 0 DCA s o r t i e s and t h e r e a r e n o t enough e s c o r t s , and t h e local d e g r e e o f surprise i s Low, t h e n t h e l o s s r a t e i s 25 p e r c e n t of t h e l i f t a i r c r a f t . I f one does n o t a g r e e w i t h t h e numbers i n t h e t a b l e , one can i n s e r t b e t t e r numbers, t h e r e b y r e f i n i n g t h e model by i n c l u d i n g b e t t e r d a t a over t i m e . A s more q u a n t i t a t i v e d a t a becomes a v a i l a b l e , t h e d e f i n i t i o n and impact of q u a l i t a t i v e p a r a m e t e r s can b e s e l e c t i v e l y improved. Again
That means a l l of t h e important model assessment v a r i a b l e s , l o g i c , and assumptions a r e k e p t w i t h i n t h e c o n t e x t of t h e code.
Some key i n t e n s i t y v a r i a b l e s , such a s combat i n t e n s i t y , s o r t i e g e n e r a t i o n r a t e s , and movement r a t e s a r e a v a i l a b l e i n t h e Data E d i t o r f o r e a s y a c c e s s , b u t t h e a n a l y s t no l o n g e r needs a s i n g l e enormously l o n g l i s t of v a r i a b l e s f o r a l l model m o d i f i c a t i c n . A l l of t h e v a r i a b l e s i n t h e model can b e changed by t h e a n a l y s t .
There a r e r10 hardwired numbers i n t h e model. I n a d d i t i o n , keeping most of t h e assessment v a r i a b l e s i n t h e code a l l o w s t h e a n a l y s t t o see t h e e f f e c t s of changing t h e v a l u e of a parameter i n t h e c o n t e x t of t h e code. Note a l s o t h a t t h e t a b l e s may i n c l u d e enumerated v a r i a b l e s (which have v a l u e s such a s High and Low), numerical v a l u e s , e q u a t i o n s (such a s i n Table 2 ) , and even c a l l s t o o t h e r f u n c t i o n s .
This a l l o w s t h e a n a l y s t t o c a l l upon a more d e t a i l e d assessment i n s e l e c t e d s i t u a t i o n s of p a r t i c u l a r i n t e r e s t .
Due t o t h e s e f e a t u r e s of RAND-mELm t a b l e s , and t o t h e model d e s i g n t h a t p l a c e d a l l s i g n i f i c a n t v a r i a b l e s and l o g i c i n a t a b l e format, t h e model a c t s a s i t s own a u d i t t r a i l and c o r p o r a t e memory. For example, a new a n a l y s t may be asked "Did t h e model run l a s t y e a r account f o r a i r d e f e n s e a s s e t s p r e s e n t a t t h e d r o p zone?" A l l t h a t i s needed i s t o check t h e t a b l e ( i n t h i s c a s e Table 2) f o r an i n p u t column a c c o u n t i n g f o r a i r d e f e n s e a s s e t s .
Although t h e answer i n t h i s c a s e i s no, one c o u l d e i t h e r add a n o t h e r column t o Table 2 t o account f o r a i r d e f e n s e a s s e t s , o r add a t h i r d t . a b l e t o i n c r e a s e t h e l i f t l o s s r a t e as a f'unction of a i r d e f e n s e a s s e t s .
IMPLEMENTATION TECHNIQUES
c e p t s and p l a n n i n g p r o c e d u r e s .
The R e f e r e e modeling approach s t r o n g l y encourages f o c u s i n g f i r s t on t h e broad scope o f i s s u e s , a c c o u n t i n g f o r t h e f i r s to r d e r e f f e c t s of t h e f u n c t i o n a l a r e a p r o c e s s e s .
These f u n c t i o n a l a r e a s i n combat s i m u l a t i o n s i n c l u d e : ground, n a v a l and a i r combat; ground, c o a s t a l and a i r
c o n t r o l o f , n e x t t o , o r o v e r t a r g e t s ; s p e c i a l o p e r a t i o n s ; simple l o g i s t i c s f u n c t i o n s ; and ' b a s i c automated l o c a l commander f u n c t i o n s . Heavy emphasis i s p l a c e d on t h e r e p r e s e n t a t i o n of o p e r a t i o n s t h a t r e l y on f a c t o r s o t h e r t h a n j u s t mass, such a s amphibious l a n d i n g s , a i r b o r n e o p e r a t i o n s , and unconventional w a r f a r e o p e r a t i o n s ( e . g . , s p e c i a l f o r c e s ) . R a t h e r t h a n simply d e t e r m i n i n g t h e s u c c e s s o r f a i l u r e of an o p e r a t i o n on a s i m p l e p r o b a b i l i t y ( s a y , a 50-50 chance o f s u c c e s s ) , t h e f o c u s i s on t h e f a c t o r s t h a t h e l p c o n t r i b u t e t o t h e s u c c e s s o r f a i l u r e of t h e o p e r a t i o n , such a s s u r p r i s e and a i r c o n t r o l . A d d i t i o n a l r e s o l u t i o n may b e added l a t e r i n t h e s e a r e a s a s a f u n c t i o n o f t h e s t u d y r e q u i r e m e n t s . S t a r t i n g w i t h t h e o u t p u t s i n each of t h e f u n c t i o n a l a r e a s i s a good way t o a v o i d t h e " k i t c h e n s i n k " approach t o modeling.

The k i t c h e n s i n k approach assumes one must i n c l u d e e v e r y p o s s i b l e f a c t o r i n a model f o r t h e model t o b e " r e a l i s t i c , " r e g a r d l e s s of how important each f a c t o r may be t o t h e civerall outcome of t h e combat assessment. By f o c u s i n g on t h e f i r s t -o r d e r e f f e c t s and a l l of t h e i r i n t e r a c t i o n s , one can r e t a i n a t o p -l e v e l view of t h e s i m u l a t i o n . ( F r e q e n t l y , r e p r e s e n t a t i v e s of a p a r t i c u l a r f u n c t i o n , whether it be p i l o t s , t a n k commanders, o r l o g i s t i c i a n s , f e e l t h a t u n l e s s t h e i r f a v o r i t e f u n c t i o n i s e x p l i c i t l y modeled, t h e n t h e model i s " i n v a l i d . " T h i s view i s p r e v a l e n t r e g a r d l e s s of t h e s t u d y r e q u i r e m e n t s , t h e r e s o l u t i o n of t h e model, o r t h e f a c t t h a t t h e i r f a v o r i t e f u n c t i o n i s f o u r l e v e l s "down i n t h e weeds." Too many models have become so loaded down w i t h d e t a i l t h a t t h e y a r e no l o n g e r u s e f u l f o r purposes of a n a l y s i s . ) A f t e r d e f i n i n g t h e f i r s t -o r d e r e f f e c t s i n e a c h f u n c t i o n a l a r e a , one s h o u l d e n s u r e t h a t t h e s i t u a t i o n s t h a t a r e modeled i n each f u n c t i o n a l a r e a d e f i n e a p a r t i t i o n . (A p a r t i t i o n i s a d i v i s i o n o f p o s s i b l e outcomes t h a t c o v e r s t h e space,
and where no outcomes o v e r l a p . For example, t h e p a r t i t i o n of t h e set of outcomes o f a c o i n t o s s i s "heads" and " t a i l s . " ) That i s , make s u r e t h a t n o t h i n g f a l l s t h r o u g h t h e c r a c k s , even i f one h a s t o d e f i n e a c a t e g o r y c a l l e d " o t h e r s i t u a t i o n s . " A d d i t i o n a l r e s o l u t i o n t o e a c h f u n c t i o n a l a r e a may be added a s needed l a t e r , s u b j e c t t o t i m e , r e s o u r c e , and d a t a c o n s t r a i n t s . The l i t e r a t u r e sometimes r e f e r s t o t h i s a s " g r a n u l a r i t y . "
The a d d i t i o n o f more d e t a i l e d
r e s o l u t i o n t o a b a s i c R e f e r e e model may t a k e many forms. For t h e f u n c t i o n a l a r e a s , it may mean d i s t i n g u i s h i n g more c l e a r l y between d i f f e r e n t t y p e s of s i t u a t i o n s t h a t were p r e v i o u s l y lumped t o g e t h e r . O r it may mean r e p l a c i n g a q u a l i t a t i v e d e f i n i t i o n w i t h a more q u a n t i t a t i v e one.
For example, s t r a t e g i c a i r s u r p r i s e may b e changed from o n l y t h e a i r c r a f t a l e r t and d i s p e r s a l r a t e t o more p r e c i s e warning times based upon s t r a t e g i c i n t e l l i g e n c e a s s e t s .
I n models t h a t i n c l u d e q u a l i t a t i v e f a c t o r s , it i s r e l a t i v e l y e a s y t o add i n c r e a s e d q u a n t i t a t i v e r e s o l u t i o n . Another a r e a where a d d i t i o n a l r e s o l u t i o n may b e added i s i n t h e m o d e l ' s g e o g r a p h i c r e s o l u t i o n . For example, one may wish t o add f e a t u r e s t h a t were i d e n t i f i e d a s b e i n g important a f t e r t h e model was run i n t i a l l y . I n Table 3, t h e g e o g r a p h i c a l r e s o l u t i o n d i s t i n g u i s h e s between t h e n o r t h e r n European t h e a t e r (NEUR) and a l l o t h e r t h e a t e r s , and between a t a r g e t c a l l e d "Pass" a t a p o i n t c a l l e d "Wedge." T h i s r e f e r s t o a s t r a t e g i c f o r t i f i e d mountain p a s s known a s t h e " F i n n i s h Wedge."
( W e u s u a l l y have more column space i n t h e model, s o w e s p e l l o u t t h e key p o i n t names f o r e a s y r e f e r e n c e . ) 
Hasty T h i s example a l s o d i s t i n g u i s h e s between whether o r n o t t h e d e f e n d e r h a s had a t l e a s t two days t o p r e p a r e f o r t h e upcoming b a t t l e . I f s o , t h e f i r s t row t r i g g e r s , and t h e t y p e of b a t t l e i s " F o r t i f i e d . "
Otherwise, t h e t y p e of b a t t l e i s "Prepared, " which i s l e s s advantageous f o r t h e d e f e n d e r t h a n " F o r t i f i e d . " For any o t h e r p o i n t i n t h i s t h e a t e r , t h e t y p e of b a t t l e i s a t b e s t "Prepared" a f t e r t h r e e days of d e f e n d e r p r e p a r a t i o n s , o r "Hasty" o t h e r w i s e . Note t h a t t h i s t a b l e a l s o d e f i n e s a t l e a s t f o u r days d e f e n d e r ' s p r e p a r a t i o n time t o a c h i e v e a "Prepared" d e f e n s e f o r any o t h e r t h e a t e r e x c e p t "NEUR. "
To add g e o g r a p h i c r e s o l u t i o n , one can i d e n t i f y a d d i t i o n a l p o i n t s of s t r a t e g i c i n t e r e s t . For example, t h e f i r s t two rows may be d u p l i c a t e d , and "Wedge" r e p l a c e d by "Kiruna, " r e p r e s e n t i n g a d i f f e r e n t s t r a t e g i c mountain p a s s i n t h e NEUR t h e a t e r . The c o n d i t i o n s f o r t h e days of r e q u i r e d p r e p a r a t i o n s and t h e e f f e c t on t h e t y p e of b a t t l e may be v a r i e d f o r t h i s newly d e f i n e d p o i n t .
S i m i l a r l y , one c o u l d d e f i n e a whole new t h e a t e r by adding rows below t h o s e b e g i n n i n g w i t h NEUR and b e f o r e t h e l a s t two " d e f a u l t " rows.
Note t h a t t h e R
This reduces t h e d a t a r e q u i r e m e n t s , a s w e l l a s t h e model c o m p i l a t i o n and run t i m e s .
Furthermore, t h e model h a s d e f a u l t v a l u e s t h a t a l l o w t h e a n a l y s t t o run w i t h o n l y t h e " b a r e e s s e n t i a l s " of t e r r a i n d e f i n i t i o n . Being a b l e t o run t h e model e a r l y i n t h e p r o c e s s a l l o w s f o r t h e i n t e r a c t i v e s a n d t a b l i n g t o b e g i n a s soon a s p o s s i b l e .
I n t h a t way, o n l y t h o s e a r e a s of i n t e r e s t t o t h e a n a l y s t need t o be r e f i n e d , w h i l e t h e remaining a r e a s r e q u i r e l i t t l e "model overhead. "
One way t o keep RAND-ABELm t a b l e s manageable i s t o d i s t i n g u i s h between t h o s e f a c t o r s t h a t must be a s s e s s e d s i m u l t a n e o u s l y and t h o s e t h a t may be a s s e s s e d s e q u e n t i a l l y . S i n c e e a c h t a b l e i s supposed t o d e f i n e a p a r t i t i o n , t h e n e t e f f e c t i s t h a t a l l o f t h e i n p u t v a r i a b l e s a r e b e i n g a s s e s s e d s i m u l t a n e o u s l y t o produce t h e d e s i r e d o u t p u t . Tables t h a t f o l l o w one a n o t h e r a r e assumed t o be p r o c e s s e d s e q u e n t i a l l y . The o u t p u t of an e a r l i e r t a b l e may be used i n a l a t e r t a b l e , b u t n o t vice v e r s a .
Sometimes, one can b r e a k down v e r y l a r g e t a b l e s i n t o s m a l l e r , more manageable t a b l e s w i t h o u t v i o l a t i n g t h e model d e s i g n . For example, a l l o f t h e f a c t o r s t h a t c o n t r i b u t e t o ground combat t h e o r e t i c a l l y must be c o n s i d e r e d a l l a t once t o obtain a " r e a l i s t i c " outcome. However, some s u b s e t of t h e i n p u t f a c t o r s ( e . g . , t h e s i z e of t h e b a t t l e , t h e c l i m a t e , and t h e a g g r e s s i v e n e s s of each s i d e ) may b e c o n s i d e r e d a s a s i n g l e i n p u t v a r i a b l e c a l l e d "combat i n t e n s i t y . 'I Therefore, one can d e f i n e combat i n t e n s i t y i n an e a r l i e r t a b l e , and r e p l a c e t h e t h r e e o r f o u r columns i n a l a r g e t a b l e w i t h a s i n g l e column, t h e r e b y r e d u c i n g i t s s i z e .
A s t h e s i m u l a t i o n i s run, t h e a n a l y s t o b s e r v e s t h e sequence and outcomes of e a c h s i t u a t i o n t o e n s u r e c r e d i b i l i t y and t o i d e n t i f y new i s s u e s f o r a n a l y s i s . The emphasis i s on d e f i n i n g t h e scope o f s i t u a t i o n s t o be allowed i n t h e c o u r s e o f t h e study, and on selecting o r d e f i n i n g t h e b e s t r e p r e s e n t a t i o n .
F o r example, t h e assessment p r o c e s s f o r a "breakthrough" t y p e o f b a t t l e may b e much d i f f e r e n t t h a n f o r a "prepared d e f e n s e " o r a " f l a n k c o u n t e r a t t a c k . "
The assessment p r o c e s s 
ANALYSIS TECHNIQUES
J u s t as new modeling t e c h n i q u e s were i n v e n t e d t o t a k e advantage o f t h e RAND-ABELTM f e a t u r e s , new a n a l -y s i s t e c h n i q u e s w e r e c r e a t e d t o t a k e advantage o f t h e R e f e r e e model f e a t u r e s . Many d i f f e r e n t t y p e s o f p o s t p r o c e s s i n g d i s p l a y s can b e c r e a t e d from q u a l i t a t i v e o u t p u t s . A l l o f t h e s t a n d a r d q u a n t i t a t i v e d i s p l a y s commonly used i n t h e a t e r -l e v e l combat key t a r g e t o v e r t h e cour,se o f t h e c o n f l i c t . Most of t h e s e s t a n d a r d q u a n t i t a t i v e and q u a l i t a t i v e d i s p l a y s can b e c r e a t e d through e i t h e r t h e RSAS "Graphics Tool" o r "Mapt301" d i s p l a y s a t t h e end o f t h e run, o r a t any t i m e d u r i n g t h e run.
One o f t h e more u s e f u l classes o f d i s p l a y s w e r e c e n t l y c r e a t e d i n c l u d e s " s t a t i s t i c a l " d i s p l a y s . S i n c e a l a r g e number of d i f f e r e n t t y p e s o f b a t t l e s are d e s c r i b e d by t h e model, w e d e c i d e d t o a n a l y z e t h i s d a t a w i t h some s t a n d a r d s t a t i s t i c a l methods.
The t y p e s o f b a t t l e s c u r r e n t l y r e p r e s e n t e d i n t h e model are l i s t e d i n Table 4 . (NOTE: T h i s t a b l e i s t r u n c a t e d . Table   TYPE -_________________ ___-___-__---_----t h e frequency of e a c h t y p e of engagement o v e r t h e c o u r s e o f a 30-day c o n f l i c t are shown i n F i g u r e 1. Two d i f f e r e n t s c e n a r i o s are r e p r e s e n t e d i n F i g u r e 1, a l l o w i n g t h e a n a l y s t t o compare t h e d i f f e r e n c e i n t h e number and degree of Blue f a v o r a b l e (BF) o r Red f a v o r a b l e ( W ) engagements. For example, t h e f i r s t case, ( A ) , may b e a : s u r p r i s e d Blue s c e n a r i o , w h i l e t h e second case, ( B ) , may be a p r e p a r e d Blue :scenario.
Mirror-image t h e engagements w i t h Blue as a t t a c k e r t o o b t a i n t h e
Number of Engagements
Type Engagements FIGURE 1: D i s t r i b u t i o n of Engagements These h i s t o g r a m s can be u s e f u l i n s e v e r a l ways. A s one example, i f a s p e c i f i c asset i s v e r y u s e f u l i n a c e r t a i n t y p e o f engagement, t h e n i t s p o t e n t i a l u s e f u l n e s s can be e s t i m a t e d from t h e frequency t h a t t h e s e engagements o c c u r . The i n c l u s i o n of t h i s h y p o t h e t i c a l a s s e t i n t h e s i m u l a t i o n may a l s o change t h e d i s t r i b u t i o n of engagements. The d i f f e r e n c e i n t h e d i s t r i b u t i o n s p r o v i d e s a way t o measure t h e b e n e f i t of t h e new asset i n b o t h q u a l i t a t i v e and q u a n t i t a t i v e terms ( t h e number and t y p e of engagements). Most t r a d i t i o n a l measures of combat v a l u e have been l i m i t e d t o a t t r i t i o n and movement r a t e s , which h a s made it c o n s i s t e n t l y d i f f i c u l t t o measure t h e b e n e f i t s clf n o n -l e t h a l assets, such a s i n t e l l i g e n c e , communications, command and c o n t r o l , and l o g i s t i c s support systems.
In addition to histograms, one can also condense this information into a "percent of time" chart. One calculates the percent of time or Sraction of engagements that were Red favorable, Blue favorable, or neutral, as displayed in Figure 2 . The scenarios may represent different levels of combat intelligence capabilities. This format allows one to readily compare how well each side performed over a wide variety of scenarios.
One can create several other types of useful displays for qualitative factors. Some examples include air control range for each side over time, the air control over selected targets over time, or the degree or frequency of strategic or tactical surprise over time. The main point is that it is just as easy, if not easier, to display qualitative factors in a useful manner as it is to display quantitative factors. Furthermore, one can define the qualitative factors around those issues that are important to the sponser, rather than simply those values that the analyst could traditionally measure. Sensitivity analysis is a key part of this modeling process. Since an analyst using this methodology is usually dealing with a low resolution model, one should frequently examine the conditions under which certain events will or will not take place. This is especially true if one is using the model as part of a screening process to reduce the set of feasible options. Sensitivity analysis is often done in "batch" mode, rather than with interactive sandtabling. The model is designed to facilitate multiple runs in batch mode through the global variable "run number." This variable may be added as an input column to any existing table. If one is performing, say, ten runs with different parameter setting for each run, the run number determines which parameter setting will be used for each run, and acts as an audit trail for the parameter values used in each run.
Model verification and validation are no more difficult with qualitative modeling, since there are usually fewer variables to examine. One can vary the qualitative factors as easily as quantitative factors. It may even be easier to perform model verification with this model than with purely quantitative factors, since it may take several different quantitative factors to adequately define a qualitative factor. For example, one may vary the single value of "tactical surprise" in the Referee model, whereas many quantitative variables may need to be varied in other models to achieve the same model variation.
Another important need in the military modeling community has been for model assessment by independent evaluators. To assist evaluators, sponsors, and analysts in assessing a given model, the model parameters, logic, and assumptions must be understandable. AS shown above, the RAND-ABELm table structure is very helpful in this process.
RECENT APPLICATIONS
The RAND-ABELTM based Referee models have been successfully applied to several long term and short term analysis projects at RAND, as described below.
(1) The Referee modeling approach was developed for the RAND Strategy Assessment System (RSAS). The RSAS needed a generic, quick, and flexible theater-level model to actually become a global military assessment model. The first fully operational theater-level Referee simulation was completed in 12 months. This model was called "S-Land" for Secondary Land theater model, since it was applied to all theaters in the RSAS except Central Europe and Korea (which is handled by the CAMPAIGN-MT model). Since then, the capabilities of S-Land expanded enough to participate in the RSAS effort to become a variable resolution model. Since the original S-Land theater may now be applied to all theaters of operation including Central Europe and Korea, its new RSAS name is CAMPAIGN-ALT. (The CAMPAIGN-MT model is a more detailed representation of Central European and Korean combat than is CAMPAIGN-ALT. The CAMPAIGN-ALT theater is suggested when one needs to tailor a model to satisfy specific study needs.) (2) The S-Land model was recently applied to two quick-response studies at RAND. The first dealt with measuring the effectiveness of an airborne conventional weapons platform performing nontraditional
